Introduction
The invention of Compacted Graphite Iron and documentation of Compacted Graphite Iron (C.G.I.) were made during pioneering research on production techniques in the late 1940s. They found that when the residual magnesium or cerium content was insufficient to stabilize a fully spheroidal graphite then the intermediate form of graphite is formed which is Compacted Graphite or vermicular appeared in the microstructure. It was up to 1960s that CGI began to be recognized as a modern material combining much of the strength and stiffness of ductile iron with the thermal conductivity and castability of grey cast iron. The figure -2 shows a deep etched SEM micrograph of the three dimensional compacted graphite morphology indicating interconnected "coral-like" graphite cluster. As compared to flake graphite these are shorter, thicker and have rounded edges and roughened surfaces & this roughened surface improves adhesion to the ferritic matrix and minimises both initiation and propagation of cracks which results in improved tensile, fatigue strength and elastic modulus which has been indicated. In the Table No. -3 for heats 6 and 7 the nodularity has been shown as negative it means that there are graphite flakes present and therefore the nodularity is termed as negative. The stable magnesium range for compacted graphite growth is separated by an abrupt transition to flake graphite and gradual transition to nodular graphite. It can be observed from the Table No .-3 that the % of residual magnesium is in the range of 0.007 to 0.010 and higher than this increases the nodularity of about 80 % with residual magnesium of 0.03 %.
Today the result is that where reduced weight and improved performance particularly for automobile cylinder blocks and heads; where mechanical and physical properties of CGI can contribute to meeting the conflicting requirements of weight reduction, improved performance, reduced emissions, recyclability and cost reduction there is tremendous demand for Compacted Graphite Iron to substitute grey iron or ductile iron castings.

( B ) The Sintercast Process
In the sintercast process magnesium alone is added and the addition is controlled by novel modern technology by using computer controlled residual Magnesium level. Initially the iron is deliberately undertreated and its "Composition" is determined by a novel thermal analysis procedure ( Figure 10 ) The condition is then adjusted to give consistent well compacted graphite by wire feed treatment which provides the necessary further magnesium and inoculant additions. The special thermal analysis process uses a specially designed sampling cup ( Figure 11 ) two thermocouples to assess the oxygen and sulphur activity of the iron. This analysis is carried out on line in about 3 minutes with real time control of subsequent wire feed completing treatment prior to pouring in moulds.
The thermal analysis is of very importance as it can indicate the type of graphite will be formed and for the production of compacted graphite iron the modularity must be as low as possible by reducing the ultimate residual magnesium in the metal during inoculation process. This is the last but very is of significance as far as the formation of compacted graphite over 90 to 95 % to produce quality C.G.I. The type of inoculant used is also of very importance to achieve fully compacted graphite. Figure -10 . Thermal Analysis Figure -11 . Specially designed Procedure of CGI.
sampling cup for cooling curve.
D) Post inoculation:
In case of production of compacted graphite iron is more critical than in the production of S. G. Iron/ Ductile Iron. Normally the inoculants used are almost of same composition .However the amount used is of at most important because the small variation in quantity of inoculant will convert compacted graphite into spheroidal graphite. The post inoculation treatment is as important as magnesium treatment stage because the composition of the inoculant controls the ultimate silicon content of metal.
The effect of the other elements from inoculant will be also harmful to improve nodularity of the C.G.I. which has to be controlled precisely during the last stage of production of compacted graphite iron castings as per the specification. The amounts of the inoculant used definitely affect the microstructure of C.G.I. C.G.I. with more than 90 % Perlite. Table -6 . Mechanical and Physical Properties of 10 % Nodularity C.G.I *These properties are also determined at 100 0 C and 300 0 C Process control parameters and production tips for magnesium treatment to control residual magnesium after magnesium treatment:
Magnesium Treatment: The effective magnesium treatment will give required compacted graphite by keeping nodularity to as minimum as possible. This control on residual magnesium is not only important for avoid more nodule formation but also to avoid formation of flake graphite which will affect the mechanical properties of C. G. I. The residual Magnesium is to be controlled to achieve complete microstructure free form nodularity & no carbides are present. The melting aggregates to produce CG iron are in principle the same as those used for SG iron. Requirements of raw materials, superheating &desulphurizing before melt treatment are same as those for SG Iron. Ferro-Silicon-Magnesium alloy with 5-6 % Mg. can reduce the cost of magnesium treatment as amount of alloy required is less than ductile iron.CG is obtained when treating an SG-type base iron with magnesium-iron-silicon alloy, when residual magnesium is controlled in the range of 0.013 to 0.022%. This type of control is difficult to achieve in production runs. The above graph clearly shows the range of residual magnesium required for the production of compacted graphite iron. The lower magnesium contents are responsible for formation of flake graphite while higher magnesium promote nodule formation. The recovery of magnesium is also important and any magnesium treatment or process can be used for production of compacted graphite iron. The use of pure magnesium can also be used. One of the other vital points is the temperature of magnesium treatment as it will affect the formation of maximum % of compacted graphite.
Applications of Compacted Graphite Iron
The applications of CG irons stem from their relative intermediate position between FG and SG irons. However, when the higher strengths of CG Iron are being used, then relative machinability is much better than both the FG and SG irons.
It may be also can be useful for the mining machineries used in Iron, Copper, Gold and coal mines in India and in world in countries like South Africa, Australia and other countries. 
Modern car and truck engines require that exhaust manifolds work at temperature ranges of 500 °C. At this temperature, FG iron manifolds are prone to cracking, while SG iron manifolds tend to warp. CG iron manifolds undergo less warpage and oxidation and thus have a longer life.
The largest industrial application by weight of CG iron produced is for ingot moulds weighing up to 54 Mg (60 tons). The life of ingot moulds made of CG iron is 20 to 70% longer than the life of those made of FG iron.
Conclusions
To achieve consistent high quality Compacted Graphite Iron castings it is utmost essential to have strict Process control on Chemical composition, Melting shop to give metallurgical quality metal, Magnesium Treatment to achieve required residual magnesium, Inoculation of treated metal and then the control on Pouring time of the treated metal.
